SUMMARY A patient is described whose most striking visual disorder was a grossly impaired ability to discriminate between different colours (hues) that were matched for brightness. In contrast his ability to discriminate between different neutral greys presented in the same fashion was much less abnormal, even though the greys were perceptually difficult. Although visual acuity was reduced and visual fields were constricted, and the patient's memory was moderately impaired, these associated symptoms could not themselves be the cause of his unusual colour vision. The patient had the symptoms of cerebral achromatopsia, and the relative preservation of his form vision (when his reduced acuity is taken into account) and his achromatic vision supports the view that the many different visual cortical areas recently demonstrated in the brains of monkeys, and presumed to exist in man, have a perceptual specialisation that matches their physiological differences.
Cerebral achromatopsia is a severe disturbance of the perception of colour caused by cerebral cortical damage. The patient has great difficulty in discriminating between hues and commonly complains that the world looks drained of colour. Although the term achromatopsia implies that vision has become colourless, colours may still be perceived, albeit faintly (that is, they are desaturated). The condition contrasts sharply with other acquired disorders of colour vision where the primary fault is a disconnexion syndrome or a semantic disorder involving the use of colour words (see reference I for review) or an impaired ability to remember perceived colours for more than a few seconds.2 There are several reports which suggest that cerebral achromatopsia can appear without accompanying deficits in the perception of depth, form, acuity, movement or any other psychophysical dimension.34 However, the disturbances are often accompanied by apperceptive visual agnosia' and the cortical damage invariably involves the ventromedial occipito-temporal region. Such findings have been used as evidence for the parallel nature of processing in the visual system. 6 7 In support of this, the electrophysiological work of Zeki8 9 has revealed a cortical area in the rhesus monkey, area V4, that shows a relative specialisation for the analysis of colour. Recently, Heywood and Cowey (in preparation) have shown that surgical removal of cortical visual area V4 in macaque monkeys leads to disturbances in hue discrimination that resemble cerebral achromatopsia, that is, closely separated but not widely separated hues are poorly discriminated. However, these deficits in monkeys were not accompanied by similar disturbances in the discrimination of neutral grey stimuli but were accompanied by severe deficits in pattern discrimination. In other words the animals behaved like a patient with achromatopsia and an apperceptive pattern disorder.
The present paper reports the examination of a patient suffering bilateral occipital infarction and whose colour vision was grossly impaired. We were especially interested in testing his achromatic vision to determine whether this was intact or much less impaired, as in monkeys after removal of V4.
A case study of cortical colour "blindness" with relatively intact achromatic discrimination frontotemporal skull fracture. He was conscious but confused on admission to hospital and there were no severe immediate neurological deficits. However, 18 hours later his conscious level deteriorated and the right pupil became dilated and fixed. He withdrew to pain on the right side but had a left hemiparesis. A right frontal craniotomy was performed and an extradural haematoma removed. Bleeding from the frontal burr-hole continued and the left pupil also became dilated, although it reacted sluggishly to light. At a second operation the same day a small craniectomy was extended to the floor of the temporal fossa, a large extradural clot was removed, and the site of the bleeding from the middle meningeal artery was coagulated. A CT scan 2 weeks later showed residual slight oedema over the right frontotemporal region and a serpiginous abnormality bilaterally in the occipital region. At this point the patient appeared to be blind. Perception of light in either eye returned over the next few days. Both optic discs showed pallor and there was ptosis on the right side. The right pupil was still dilated but now responded sluggishly to light. The response of the left pupil was normal. Right second and third nerve paresis together with cortical blindness were found. His vision improved over the next few weeks until he could read letters in newspaper headlines. A repeat CT scan showed no evidence of the occipital abnormalities, which were therefore thought to have been caused by infarction and arterial compression. He was discharged home 4 weeks after the accident. In January 1985 he was admitted to the Rivermead Rehabilitation Centre for assessment and treatment. In the last of these tests the two errors appeared to be of a visual nature, that is, toothbrush = hairbrush, anchor = pickaxe. In a subsequent task CB was asked to select from four pictures of objects, the object that matched a spoken word. The three incorrect pictures were visually or semantically similar or random, respectively. The score of 36/60 included 19 visual errors but only four semantic errors which is consistent with a disorder that is predominantly sensory as opposed to cognitive. In support of this view, 7 months later (ie. 15 months after the accident) CB was presented with a picture matching task. On each of 24 trials he was presented with three black and white photographs, two of which were different views of the same object, the third being of a different object. The task was to match the identical objects. He scored 20/24 and succeeded in naming the object on every occasion, except when failing to make the correct match. 5 achromatic stimuli, respectively. The results indicate that his colour vision is markedly impaired relative to that of normal observers. There is perhaps a suggestion that he experienced the greatest difficulty in the discrimination of hues falling in the red/yellow-green part of the spectrum (nos. 85-21). However the most conspicuous finding was that his performance on the series of achromatic stimuli was substantially better than that of chromatic stimuli although still showing some impairment relative to normal observers. Since the task of ordering a series of colours by a subject with reduced visual fields and poor acuity may well reflect things other than discriminative ability, particularly when the discriminanda are small, a similar task was performed using a different stimulus set.
(2) Ordering of Munsell Colour "Swatches" The task was essentially the same as the one described above but the stimuli now consisted of coloured Munsell papers, each measuring 75 mm x 50mm. There were 11 papers in each of 3 widely separated parts of the spectrum, namely, reds ( (2-5GY/7/12-lOYR/7/12) and blues (lOG/6/8-5PB/6/10). In addition there were II achromatic papers differing, not in hue, but in reflectance (N2 5-N7-5) and nine papers differing in neither hue nor subjective brightness, but in saturation (N6-02-5YR/6/16). In each case CB was required to put each series into a smooth order of colour, greyness or saturation after the stimuli were presented to him in a random array. The ordering of chromatic and achromatic stimuli was designed to be of approximately equal difficulty by selection of the stimuli on the basis of what is known of the equivalence of the dimensional scales of hue, saturation and reflectance. 11 12 The results largely confirmed the findings reported above. When asked to name the colour of the different Munsell series CB described the reds and the yellow-greens as "orange" and "pale orange" respectively, the blues as "greenish blue". The saturation series was correctly described as "dull orange" and the greys as "grey". As a measure of his ability rank correlation coefficients were calculated between the observed and expected orders. These were, for two repeated observations, Reds, 0-51; Yellow/Greens, 0-33; Blues, 0-73. For the red and blue ranges, the results indicate that the ordering was statistically different from random at the 5% level. However, the ordering of the yellow/greens was not significantly different from random (p < 0-2). Again, for the series of greys and for the ordering of a series on the basis of saturation, performance was better than with hues. Thus the associated correlation coefficients were now 0-88 and 0-87 respectively. Comparatively better performance on the blues, compared with the other two hues, can be explained by the fact that adjacent hues in the blue range were subjectively twice as far apart on the Munsell scale than adjacent hues in the red or yellow/green ranges. In summary, CB demonstrates a greatly increased threshold for the discrimination of hue, with relatively preserved ability to discriminate on the basis of reflectance. However, the severity of the impairment may be exacerbated by the requirements of a task requiring ordering of a number of stimuli. It was clear that, in the presence of constricted visual fields, CB could only solve the task by successive pairwise comparison of the stimuli, that is he could not see the entire series at once and therefore inspected parts of it in turn. This may occasionally lead to gross transposition of a number of elements of the series as a result of a single, uncharacteristic error. A further test was therefore conducted requiring the solution of an "oddity" problem under conditions where a reduced visual field should have no effect on performance.
(3) Tests of "oddity" performance. The colour stimuli described above were used. However, on each trial CB was presented with only 3 stimuli, two of which were identical, the third differing in the appropriate dimension (hue, reflectance or saturation). The task required the subject to select the odd one out. He reported that he could see all three swatches simultaneously and he was allowed to move them in whatever way he wished. For each series of stimuli, each member was paired twice (in the case of saturation four times) with every other member of the same series in the oddity problem. This yielded 110 trials for each of the three series of hues and the greys and 144 trials in the case of saturation. It was then possible to plot percentage correct against separation, that is, steps apart on the Munsell scale in arbitrary units, to obtain some objective measure of the degree of impairment. Figures 4, 5, 6 show the results for performance on the series of hues, greys and saturations, respectively.
Responding randomly would result in a score of 33% correct. For each separation the number of trials contributing to the mean is obviously different (for example for each series of eleven hues there are six trials at the maximum separation of 10, increasing by six trials per step as the separation is reduced, so that there are 60 trials at a separation of one step). The effect of this is to exaggerate the contribution of single errors at wide hue separations to the overall curve. With increasing hue separation CB's performance improved, confirming that there is not a complete absence of colour vision. However as with previous tests it is clear that there is a marked increase in the threshold at which different hues can be reliably discriminated. It must be pointed out however that CB took five to ten times longer than a normal observer to make each judgement. Again, performance on saturation and reflectance discrimination, although impaired relative to a normal observer, was substantially better.
Seven months after these data were collected he was retested on the blue range of swatches and on the achromatic series. The results were unchanged. (4) Although it is now clear that cerebral achromatopsia can exist as a relatively isolated apperceptive visual disorder, the nature of the colour disturbance itself is still not established. The common description of a world "drained of colour" suggests that although the visual pathways remain trichromatic'3 hue is no longer consciously perceived or acknowledged. However, some recent reports of the visual receptive field 
